ABSTRACT
RESUMO

O objetivo do presente trabalho foi verifi car o crescimento in vitro de orquídeas em diferentes sistemas de micropropagação, sendo cultivado em biorreator, sistema de ventilação natural e convencional. Plantas de Cattleya walkeriana foram obtidas a partir da germinação de sementes em meio de cultura. Após o a germinação, as plantas foram uniformizadas com aproximadamente 1,0cm de comprimento e inoculadas nos diferentes tratamentos. Os tratamentos contaram dois sistema de micropropagação (convencional e ventilação natural) e três meios de cultura (líquido, sólido com 5 e 6g L -1 de ágar). Foram realizados dois tratamentos adicionais em biorreator de imersão temporária e contínua. O delineamento foi o inteiramente casualizado, consistindo de um fatorial 2x3 com dois tratamentos adicionais, totalizando oito tratamentos com três repetições. O biorreator de imersão temporária promoveu o maior crescimento da parte aérea e do sistema radicular, maior acúmulo de massa seca e melhor controle da perda de água das plantas. O biorreator de imersão temporária é o melhor sistema de micropropagação para o crescimento in vitro de C. walkeriana.
INTRODUCTION
The Orchidaceae family is the biggest one among the plant families, being the most evolved one in the plant kingdom spread worldwide, being composed of around 800 genders and of at least 24,000 species (SOARES et al., 2008) . Species of the genus Cattleya and their hybrids are currently the most commercialized orchids in Brazil due to their large, colorful fl owers (PRIZÃO et al., 2012) .
The micropropagation of plants can be used for the production of seedlings in wide scale, from the germination of seeds and in vitro growth of plants. Besides that, the assymbiotic cultivation of orchids can reduce the effects of their predation in woods, for obtaining in vitro germination of great part of their seeds (LONE et al., 2008) and make possible the replacement of these species in the nature. However, plants originated from this technological process are very expensive and hard to be purchased yet. It can be attributed basically, to the laboratory costs production, mainly with the great use of labor and the losses during the acclimatization process.
Bioreactors are systems used in the micropropagation of plants, being a viable choice for the optimization process and production cost reduction. This system allows the air renewal in in vitro environment, increasing the propagated vegetable biomass production, as well as the reduction of the time required to in vitro propagation ,saving labor and production costs (MALLÓN et al., 2012; .
Another way of enabling the air renewal is the use of lids that make possible gas exchanges in the culture vessel, what is called natural ventilation system. The natural ventilation benefi cial effects are due to the relative reduction of the in vitro humidity and to the aeration increasing, producing more rustic plants and decreasing the losses of seedlings during the acclimatization stage (MILLS et al., 2004) .
The purpose of this paper was to evaluate the in vitro growth of orchids in different micropropagation systems cultivated in a bioreactor, with natural and conventional ventilation systems.
MATERIAL AND METHODS
Seeds
of Cattleya walkeriana (Orchidaceae) obtained from self-pollination were germinated in MS medium (MURASHIGE & SKOOG, 1962) 
Bioreactor
The bioreactor system consists of two vessels connected by silicone tubes; one of the vessels serves to the culture medium reserve and the other one to stock the seedlings growth, a similar model to the twin vessel system -BIT ® (Figure 1) , according to what was describe by SILVA et al. (2007) . For the continuous immersion, it has been done an adaptation in the BIT ® model, disconnecting the silicone tubes that linked both twin vessels.
Comparison among the different cultivation methods
The For the conventional micropropagation and natural ventilation system, in solid and liquid medium it was used containers with 500ml of volume. In each container containing 60ml of growth medium were inoculated fi ve explants. The pH was adjusted for 5,8 before the autoclaving at 121 o C and 1kg cm -1
, for 20 minutes.
In the natural ventilation system, membranes of fi lter (0,5μm) were used (Milli Seal, Millipore, Tokyo, Japan) to cover a pair of holes (10mm diameter) of the culture vessel, allowing the occurrence of gases exchanges. In the cultivation in bioreactors, the plant material was kept in containers with a 5,000ml volume, being inoculated 20 explants in 600ml of culture medium. For the continuous and temporary immersions the aeration was done every 90 minutes, for periods of 3 minutes.
Assessments
After 90 days of cultivation, assessments were made under the following parameters: length of the aerial part, numbers of leaves, number of roots, length of the root system, the plant fresh and dry masses, and water loss. For the variable water loss, the plants were removed from the containers and, in laboratory (60% of relative humidity of the air), assessed in relation to the water loss. Every 10 minutes, 10mm foliar disks were removed and weighed, for a period of 120 minutes (adapted from SILVA et al., 2008) .
Data analysis
The design was entirely randomized (ERD), consisting of a 2x3 factorial experiment with two micropropagation systems (conventional and natural ventilation) and three types of medium (liquid, solid with 5 and 6g L -1 of agar), and two additional treatments of micropropagation in bioreactors (continuous and temporary immersion), totaling 8 treatments with three repetitions. SISVAR 4.3 program (FERREIRA, 2011) was used for the analysis of variances (ANAVA), and the means were compared by the Scott & Knott Test.
RESULTS AND DISCUSSION
The analysis of all the variables revealed a signifi cant effect of the different systems of micropropagation and culture medium (liquid, 5 or 6g L -1 of agar). The length of aerial part (LAP) was directly affected by the different treatments (Table  1A) . A bigger length of the aerial part was observed in the bioreactor of temporary immersion (2,06cm), being followed by the treatments of natural ventilation (NVM) in liquid medium or increased of 5 or 6g L -1 of agar and in conventional micropropagation (CM) with 5g L -1 of agar (Table 1A) . For the variable number of leaves (N Leaves), the best result was obtained in liquid growth medium in NVM (17,60), showing from 6,7 to 12 leaves or more when compared the other treatments (Table 1A) . Nevertheless, it was observed that the Table 1 -A) Length of Aerial part (LAP), number of leaves (N Leaves) and roots (N Roots); B) root system length (RSL), orchid plant fresh (PFM) and dry mass (PDM) of in vitro orchid leaves growing in different micropropagation systems. 
---------------RSL (cm) --------------------------------PFM(g) ----------------------------------PDM(g) -----------------
6g L Averages followed by the same capital letter vertically or lower case horizontally do not differ by the Scott-Knott test at 5% probability. plants with the biggest number of leaves presented brittle aspect and little foliar surface, probably due to hiperhydricity, physiological disorder caused by the high water availability, which occurred to all the treatments with orchid plants growing in stationary liquid medium in CM and NVM. The CM with orchids growing in solidifi ed medium with 5g L -1 of agar presented the biggest number of roots (N roots) not differing from the temporary immersion bioreactor (TI) and from the NVM combined with 6g L -1 of agar (Table 1A) . Nonetheless, the bioreactor TI promoted a bigger length of the root system (LRS), reaching 2, 59cm (Table 1B) .
The uptake of nutrients in the culture medium is accelerated when the nutrients are added in medium liquid , a bigger growth was observed in liquid culture systems in bioreactors when compared to the solid medium (SILVA et al., 2007) . Usually, the hiperhydricity happens in liquid growth medium due to the leaves high hydric potential. In our results, the occurrence of hiperhydricity is directly related to the stationary liquid cultivation. The air injection in the cultivation in bioreactors decreases the relative humidity of the air in the cultivation bottle, the hydric potential of the leaves, preventing the hiperhydricity . ZHAO et al. (2012) working with medicinal plant (Rhodiola cremulata) related that forced ventilation was employed in the temporary immersion bioreactor in order to decrease the hyperhydration rate, which improve shoot quality and enhance the multiplication ratio when compared with the others micropropagtion methods. IVANOVA & VAN STADEN (2010) observed that the natural ventilation eliminated the problems with hiperhydricity in Aloe polyphylla plants. SILVA et al. (2007) working with different methods of pineapple propagation, reported a bigger length of the aerial part with the use of temporary immersion bioreactor, being superior to other methods like continuous immersion bioreactor and conventional micropropagation. Similar results have been found in chrysanthemums ; apples (CHAKRABARTY et al., 2007) , in the medicinal plants Crescentia cujete (MURCH et al., 2004) and Stevia rebaudiana (SREEDHAR et al., 2008) . MURCH et al. (2004) , working with different Crescentia cujete growth systems, reported that a bigger growth of the root system was observed in temporary immersion system when compared to the micropropagation in solid and liquid media. In the present research, the increase of the oxygenation of the growth bottle, which is a characteristic of the temporary immersion system (ETIENNE & BERTOULY, 2002) , promoted, combined with the growth medium sucrose, a bigger growth of the root system.
The plant fresh mass (PFM) presented greater values in the orchids that were growing in continuous immersion bioreactors (CI) and TI, being followed by treatments with NVM in liquid medium or plus 5g L -1 of agar and in CM in combination with 5g L -1 of agar (Table 1B) . The fresh mass observed in the plants growing in bioreactors was from 0. 12 to 0.25g superior when compared to the CM and NVM treatments (Table 1B) .
The plant dry mass (PDM) expresses the real growth for being related to the proteins and other substances accumulation which are the photosynthesis direct results. Plants growing in TI bioreactor presented the biggest dry mass, reaching 0.032g, being followed by the treatments in CI bioreactor, NVM in 5g L -1 or in 6g L -1 of agar (Table 1B) . The biggest fresh mass observed in CI and TI bioreactor is due to the continual contact of the explants with the liquid growth medium, promoting a greater water absorption in this system. Similar results were observed by SHAIK et al. (2010) with Lessertia frutescens plantlets cultured in TI and CI bioreactor, which showed more fresh mass than those cultured in conventional micropropagation (CM). ALONSO et al. (2009) confi rmed that TI bioreactor was a promising method for biomass production of Digitalis purpurea by in vitro shoot multiplication. The total dry biomass of Lessertia frutescens plantlet cultured in TI bioreactor increased signifi cantly, compared to those in CI bioreactor and gelled culture (SHAIK et al., 2010) . JOVA et al. (2011) and ARAGÓN et al. (2010b) related a greater photosynthetic rate and the best growth of plants cultured in TI bioreactor when compared with the CI bioreactor. The most important reason for the effi ciency of the TI bioreactor was that which combined the advantages of both gelled culture (gas exchange) and liquid culture (increased nutrient uptake), and improved the growth of the plantlets (ETIENNE & BERTHOULY, 2002) .
The in vitro plants growing in NVM in solid medium have presented good performance in dry mass (Table 1B) . MILLS et al. (2004) verifying a greater accumulation of dry mass in plants growing in natural ventilation systems when compared to the conventional micropropagation. The membranes in natural ventilation provide higher gas exchange, Ciência Rural, v.43, n.10, out, 2013.
leading to an increase in plant growth and content of photosynthetic pigments when compared to the closed system without a gas-permeable membrane (SALDANHA et al., 2012) The plants that were cultured in natural ventilation system (NVM) with gelled culture (5 or 6g L -1 agar) presented trend of a higher percentage of water content (Figure 2 B and C), 120 minutes after their were transferred to ex vitro conditions, when compared with conventional micropropagation (CM). Similar results were observed with plants cultured in TI bioreactor when compared with CI bioreactor (Figure 2 D) . Probably, this plant behavior was because of better stomata functionality and tissue foliar organization promoted by culture in both systems, which prevent water losses of plants after their transfer to natural environment. Plants grown in stationary liquid medium showed a poor water loss control in ex vitro condition and water content below 10% after 120 minutes (Figure 2 A) .
The excessive water loss by plantlets during the acclimatization process has been related as the main cause of a poor survival rate of these plantlets on this phase of micropropagation (SILVA et al., 2008) . SÁEZ et al. (2012) not only reported a bigger functionality of the stomata as well as the improvement of water loss control in Castanea sativa growing in natural ventilation system, but also that their structures are pretty similar to the ones observed in acclimatized plants. ARAGÓN et al. (2010a) reported plantain plantlets propagated in TI bioreactor had a better capacity to sustain the stress imposed upon transferring to ex vitro conditions. The similar distribution of stomata staining pattern of in vitro TI bioreactor plantlets when compared to those 14 days after transferring to ex vitro conditions, demonstrated that plantain grown in this system developed leaves morphologically close to autotrophic leaves formed ex vitro as well as stomata with a better water control.
CONCLUSION
The temporary immersion bioreactor is the best system for the C. walkeriana in vitro growth. The air injection in the temporary immersion system, as well as gas exchanges in the cultivation bottle in the natural ventilation system, has benefi cial effects on in vitro plant growth, decreasing water losses of plants after their transfer to ex vitro conditions.
